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Predictors and trajectory of performance  
status in patients with advanced cancer:  
A secondary data analysis of the international 
European Palliative Care Cancer Symptom study
Jason W Boland1 , Victoria Allgar2 , Elaine G Boland3,  
Stein Kaasa4, Marianne J Hjermstad4 and Miriam J. Johnson1
Abstract
Background: Performance status, a predictor of cancer survival, and ability to maintain independent living deteriorate in advanced 
disease. Understanding predictors of performance status trajectory could help identify those at risk of functional deterioration, target 
support for independent living and reduce service costs. The relationship between symptoms, analgesics and performance status is 
poorly delineated.
Aim: The aim of this study is to determine whether demographics, analgesics, disease characteristics, quality-of-life domains and 
C-reactive protein predict the trajectory of Karnofsky Performance Status (KPS) in patients with advanced cancer.
Design: The study design is the secondary data analysis of the international prospective, longitudinal European Palliative Care Cancer 
Symptom study (ClinicalTrials.gov: NCT01362816). A multivariable regression model was built for KPS area under the curve per day 
(AUC).
Setting and participants: This included adults with advanced, incurable cancer receiving palliative care, without severe cognitive 
impairment and who were not imminently dying (nരA䄍? ? ? ? ? ? ?
Results: The mean daily KPS AUC (nരA䄍? ? ? ? ? ?ǁĂƐ ? ? ? ? ?ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ= ? ? ? ? ? ?KƉŝŽŝĚƐ ?pര<ര  ? ? ? ? ? ?ĐŽ ?ĂŶĂůŐĞƐŝĐƐ ?pരA䄍?  ? ? ? ? ? ?ƉŽŽƌĞƌ
physical functioning (pര<ര ? ? ? ? ? ?ĂŶĚĂƉƉĞƚŝƚĞ ůŽƐƐ  ?pരA䄍  ? ? ? ? ? ?ĂƚďĂƐĞůŝŶĞǁĞƌĞĞǆƉůĂŶĂƚŽƌǇ ĨĂĐƚŽƌƐ ĨŽƌ ůŽǁĞƌ<W^h ?ƐƵďŐƌŽƵƉ
analysis of participants with C-reactive protein data (nരA䄍? ? ? ? ?ƐŚŽǁĞĚƚŚĂƚŽŶůǇ ?ƌĞĂĐƚŝǀĞƉƌŽƚĞŝŶ  ?pരA䄍? ? ? ? ? ? ?ĂŶĚƉŚǇƐŝĐĂů ĨƵŶĐƚŝŽŶ
(pര<ര ? ? ? ? ? ?ǁĞƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚůŽǁĞƌ<W^h ?
Conclusion: dŚŝƐƐƚƵĚǇŝƐŶŽǀĞůŝŶĚĞƚĞƌŵŝŶŝŶŐĞǆƉůĂŶĂƚŽƌǇĨĂĐƚŽƌƐĨŽƌƐƵďƐĞƋƵĞŶƚĨƵŶĐƚŝŽŶĂůƚƌĂũĞĐƚŽƌŝĞƐŝŶĂŶŝŶƚĞƌŶĂƚŝŽŶĂůĚĂƚĂƐĞƚĂŶĚ
identifying systemic inflammation as a candidate therapeutic target to improve functional performance. The effect of interventions 
ƚĂƌŐĞƚŝŶŐ ƉŚǇƐŝĐĂů ĨƵŶĐƚŝŽŶ ? ĂƉƉĞƚŝƚĞ ĂŶĚ ŝŶĨůĂŵŵĂƚŝŽŶ ? ƐƵĐŚ ĂƐ ƚŚŽƐĞ ƵƐĞĚ ĨŽƌ ĐĂĐŚĞǆŝĂ ŵĂŶĂŐĞŵĞŶƚ ? ŽŶ ŵĂŝŶƚĂŝŶŝŶŐ ĨƵŶĐƚŝŽŶĂů
status in patients with advanced cancer needs to be investigated.
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What is already known about the topic?
x Performance status and ability to maintain independent living deteriorate in advanced disease and are associated with 
cancer survival.
x Palliative care interventions may help support independent living and reduce health and social care costs.
x The relationships between symptoms, analgesics and performance status are poorly delineated.
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Introduction
Performance status is an independent predictor of cancer 
survival. ? W ? It is often impaired in patients with advanced 
disease. ? Performing activities of daily living is an impor-
tant patient priority; minimising burden on others was 
very important for 89% patients.6 Symptoms negatively 
impact function.7,8 Pain is associated with decreased 
Karnofsky Performance Status (KPS).9 Better symptom 
management could improve performance status. 
,ŽǁĞǀĞƌ ? ůŽŶŐŝƚƵĚŝŶĂů ĚĂƚĂ ĞǆƉůŽƌŝŶŐ ƚŚĞ ĂƐƐŽĐŝĂƚŝŽŶ
between symptoms, analgesics and performance status 
are limited. Understanding predictors of performance sta-
tus could help identify those at risk of deterioration, so 
palliative interventions can be planned.10,11 If such inter-
ventions help maintain function sufficient for independent 
community-based living, health and social care costs could 
be reduced.12 KPS is a measure of overall function (includ-
ing impact of psychosocial factors), allowing patients to be 
classified according to their functional impairment.13 
C-reactive protein (CRP), as a marker of inflammation, has 
been associated with poorer performance. ? ?
Aim
dŚĞĂŝŵŽĨƚŚŝƐƐƚƵĚǇŝƐƚŽĞǆƉůŽƌĞǁŚĞƚŚĞƌĚĞŵŽŐƌĂƉŚŝĐƐ ?
analgesics, disease characteristics and the palliative care 
version of the European Organisation for Research and 
dƌĞĂƚŵĞŶƚŽĨĂŶĐĞƌYƵĂůŝƚǇŽĨ>ŝĨĞYƵĞƐƚŝŽŶŶĂŝƌĞ WŽƌĞ ? ?
 ?KZd Y>Y ? ? ? ?W> ? ŝƚĞŵƐ Ăƚ ďĂƐĞůŝŶĞ ƉƌĞĚŝĐƚ <W^ ƚƌĂ-
jectory in patients with advanced cancer and the effect of 
CRP on these relationships. Our null hypothesis is that 
there is no relationship between these variables and per-
formance status over time.
Methods
Study design
The study design is the secondary data analysis of the pro-
spective, longitudinal, multi-site European Palliative Care 
Cancer Symptom study (ClinicalTrials.gov: NCT01362816), 
which recruited from April 2011 to October 2013. ? ? 
Detailed study methods have been published. ? ? Eligible 
participants were consenting adults (⩾ ? ?രǇĞĂƌƐ ? ǁŝƚŚ
advanced, incurable cancer receiving palliative care, not 
ŝŵŵŝŶĞŶƚůǇ ĚǇŝŶŐ ĂŶĚ ƐĐŽƌŝŶŐര⩾ ? ? ? ŽŶ ƚŚĞ ĨŽƵƌ ?ŝƚĞŵ
DŝŶŝ WDĞŶƚĂů ^ƚĂƚĞ ǆĂŵŝŶĂƚŝŽŶ ? ĂƚĂ ƌĞŐŝƐƚƌĂƚŝŽŶ ĐŽŶ-
sisted of registration of patients medical data by health-
care providers, and patient self-reported data on key 
ƐŽĐŝŽĚĞŵŽŐƌĂƉŚŝĐŝƚĞŵƐ PĂŐĞ ?ƐĞǆĂŶĚůŝǀŝŶŐƐŝƚƵĂƚŝŽŶĂŶĚ
questions about common cancer-related symptoms, qual-
ity of life and functional status. Assessments were per-
ĨŽƌŵĞĚ ƵƉŽŶ ƐƚƵĚǇ ŝŶĐůƵƐŝŽŶ ĂŶĚ ŵŽŶƚŚůǇര±1-week 
follow-up, either at hospital or by mailed postal question-
ŶĂŝƌĞƐ ?ĨŽƌĂƚůĞĂƐƚ ?രŵŽŶƚŚƐŝĨƉŽƐƐŝďůĞ ? ? ?
In total, the dataset included 1739 patients. The base-
line characteristics have been published previously. ? ? This 
analysis uses the full dataset, and records with occasional 
missing values for single variables were retained. Table 1 
shows data collected at each visit.
Statistical analyses
The characteristics of the patients are presented for the 
baseline assessment using mean and standard deviation 
 ?^ ? ?ŵŝŶŝŵƵŵĂŶĚŵĂǆŝŵƵŵ ?Žƌn (%).
The dependent outcome measure was area under the 
curve (AUC) for performance status using KPS. All serial 
measurements of KPS were plotted against time. AUC 
from entry to the study to death (KPS of zero assigned) 
was calculated using the trapezoid rule.17 The summary 
ƐĐŽƌĞĨŽƌ<W^ǁĂƐĞǆƉƌĞƐƐĞĚĂƐƚŚĞƚŽƚĂůĂƌĞĂƵŶĚĞƌƚŚĞ
KPS curve from study entry until death, divided by the 
total number of days represented (KPS AUC per day), 
thereby reflecting average but not actual daily scores.
To compare mean KPS AUC per day and categorical 
ǀĂƌŝĂďůĞƐ ?ƐĞǆ ?ůŽĐĂƚŝŽŶ ?ĐĂŶĐĞƌƐƚĂŐĞĂŶĚĂŶĂůŐĞƐŝĐƐ ? ?ƚǁŽ ?
tailed Students t-tests or analysis of variance (ANOVA) 
tests were used. Pearsons correlations were used for age 
ĂŶĚƚŚĞKZdY>Y ? ? ? ?W>ƐĐĂůĞƐĂŶĚŝƚĞŵƐ ?ĂŶĚŝĚĂƚĞ
What this paper adds?
x Opioids, co-analgesics, poorer physical functioning and appetite loss at baseline were associated with a lower Karnofsky 
Performance Status over time.
x In a subgroup analysis which included C-reactive protein, only this and physical function were associated with a lower 
Karnofsky Performance Status over time.
x This study identifies systemic inflammation as a candidate therapeutic target to improve functional performance.
Implications for practice, theory or policy
x A thorough assessment of clinical and patient-reported data is needed to identify and subsequently manage issues 
potentially leading to a deteriorating performance status.
x dŚĞĞĨĨĞĐƚŽĨŝŶƚĞƌǀĞŶƚŝŽŶƐƚŽŝŵƉƌŽǀĞƉŚǇƐŝĐĂůĨƵŶĐƚŝŽŶ ?ĂƉƉĞƚŝƚĞĂŶĚŝŶĨůĂŵŵĂƚŝŽŶ ?ƐƵĐŚĂƐƚŚŽƐĞƵƐĞĚĨŽƌĐĂĐŚĞǆŝĂ
management, on maintaining functional status in patients with advanced cancer needs to be investigated.
x Further research assessing this association and the impact of managing systemic inflammation on clinical outcomes is needed.
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predictors were chosen if there was a plausible biological 
and knowledge-based rationale between cause and out-
come (e.g. have a relationship between cause and out-
ĐŽŵĞ ďĂƐĞĚ ŽŶ ĞǆŝƐƚŝŶŐ ŬŶŽǁůĞĚŐĞ ? ? hŶŝǀĂƌŝĂďůĞ ĂŶĚ
ŵƵůƚŝǀĂƌŝĂďůĞƌĞŐƌĞƐƐŝŽŶŵŽĚĞůƐǁĞƌĞƵƐĞĚƚŽĞǆƉůŽƌĞĨƵƌ-
ther the relationships between KPS AUC per day with 
β (standard error (SE)), as well as the p-value for each pre-
dictor presented. Candidate predictors associated at the 
pര<ര ? ? ?ůĞǀĞůĂƚƵŶŝǀĂƌŝĂďůĞĂŶĂůǇƐŝƐ ?ĂŶĚ ?ŽƌǁŝƚŚĂƉůĂƵƐŝ-
ble biological rationale, were included in the multivariable 
ŵŽĚĞůŝŶƚŚŝƐĞǆƉůŽƌĂƚŽƌǇĂŶĂůǇƐŝƐ ?ƐƵďŐƌŽƵƉĂŶĂůǇƐŝƐŽĨ
participants with CRP data (nരA䄍? ? ? ? ? ǁĂƐ ƉĞƌĨŽƌŵĞĚ ? ůů
ĂŶĂůǇƐĞƐǁĞƌĞƵŶĚĞƌƚĂŬĞŶŽŶ^dd^  ?^ƚĂƚĂŽƌƉ  ? ? ? ? ?
^ƚĂƚĂ^ ƚĂƚŝƐƚŝĐĂů^ ŽĨƚǁĂƌĞ PZĞůĞĂƐĞ ? ? ?^ ƚĂƚĂŽƌƉ>W ?ŽůůĞŐĞ
Station, TX).
Ethical approval
Ethical approval was obtained at each European 
Palliative Care Cancer Symptom study recruiting site. 
The Regional Research Ethics Committee in Medicine, 
Central Norway, evaluated and accepted the project on 
26 November 2010. The study was performed according 
to the Declaration of Helsinki. No further ethical 
approval was necessary for this secondary analysis of 
anonymised data (http://www.hra.nhs.uk).
Results
Patient characteristics
ƚďĂƐĞůŝŶĞ ? ? ? ? ?ƉĂƚŝĞŶƚƐǁĞƌĞŝŶĐůƵĚĞĚ ? ? ? ? ?രǇĞĂƌƐ ?^
= ? ? ? ?ǇĞĂƌƐ ? ?ƌĂŶŐĞ= ? ? W ? ?രǇĞĂƌƐ ?ŵĞŶ ? ?A? ? ?ĂƐĞůŝŶĞ
characteristics are shown in Table 2. At baseline, the mean 
<W^ƐĐŽƌĞǁĂƐĂǀĂŝůĂďůĞĨŽƌ ? ? ? ?ƉĂƚŝĞŶƚƐ ?dŚĞŵĞĂŶ<W^
ƐĐŽƌĞ Ăƚ ďĂƐĞůŝŶĞ ǁĂƐ  ? ? ? ?  ? ? ? ? ? ? ? ĂŶĚ  ? ? ?  ? ? ?A? ? ŚĂĚ Ă
ƉĞƌĨŽƌŵĂŶĐĞƐƚĂƚƵƐര<70%. The last recorded KPS values 
ƐŚŽǁĞĚĂŵĞĂŶ<W^ŽĨ  ? ? ? ?  ? ? ? ? ? ?ĂŶĚ  ? ? ? ? ? ? ? ?  ? ? ?A? ?
had performance status below 70%.
ƵƌŝŶŐƚŚĞƐƚƵĚǇ ? ? ? ? ?ƉĂƚŝĞŶƚƐĚŝĞĚ ? ? ?ǁŝƚŚŶŽĚŽĐƵ-
mented date of death). The characteristics of these 
patients are shown in Table 2. AUC was calculated for 
 ? ? ? ? ƉĂƚŝĞŶƚƐ ? ǁŚĞƌĞ ďĂƐĞůŝŶĞ <W^ ǁĂƐ ƌĞĐŽƌĚĞĚ ? dŚĞ
ŵĞĂŶ<W^hƉĞƌĚĂǇǁĂƐ ? ? ? ? ? ? ? ? ? ?ĂŶĚĚĂƚĂǁĞƌĞŶŽƌ-
mally distributed. Mean KPS AUC per day was lower for 
ƚŚŽƐĞ ǁŝƚŚ ďĂƐĞůŝŶĞ <W^ര<70% (33.3 (11.9)) than those 
ƐĐŽƌŝŶŐര⩾ ? ?A?  ? ? ? ? ?  ? ? ? ? ? ? ?pര<ര ? ? ? ? ? ? ? ^ŝŵŝůĂƌůǇ ? ŵĞĂŶ
KPS AUC per day at their last study visit was lower for 
ƚŚŽƐĞ ǁŝƚŚ <W^ര< ? ?A?  ? ? ? ? ?  ? ? ? ? ? ? ? ƚŚĂŶ ƚŚŽƐĞ ƐĐŽƌ-
ŝŶŐര⩾ ? ?A? ? ? ? ? ? ? ? ? ? ? ? ?pര<ര  ? ? ?
Table 3 shows a univariable analysis of baseline charac-
teristics and mean (SD) KPS AUC per day. Increasing age 
was associated with lower KPS AUC per day (rരA䄀 AL ? ? ? ? ? ?
pര<ര ? ? ? ? ? ?dŚĞŵĞĂŶ<W^hƉĞƌĚĂǇǁĂƐůŽǁĞƌĨŽƌƚŚŽƐĞ
who were an inpatient and used any opioid, non-opioid 
analgesic and co-analgesic at baseline. However, higher 
mean KPS AUC per day was seen in those with metastatic/
disseminated disease at baseline compared to local/
locally advanced.
dĂďůĞ  ? ƐŚŽǁƐ ƚŚĞ ĐŽƌƌĞůĂƚŝŽŶƐ ďĞƚǁĞĞŶ KZd Y>Y ?
 ? ? ?W>ŝƚĞŵƐĂŶĚ<W^hƉĞƌĚĂǇ ?ƚŚĞƐƚƌŽŶŐĞƐƚĐŽƌƌĞ-
lation was for physical functioning (rരA䄍? ? ? ? ? ? ? ? ǆĐĞƉƚ
nausea/vomiting, more severe symptoms were correlated 
with lower KPS AUC per day.
dĂďůĞ ?ƐŚŽǁƐƚŚĞƵŶŝǀĂƌŝĂďůĞĂŶĚŵƵůƚŝǀĂƌŝĂďůĞĂŶĂůǇ-
ses. Older age (pരA䄍? ? ? ? ? ? ? ?ŽƉŝŽŝĚƐ ?pര<ര ? ? ? ? ? ? ?ĐŽ ?ĂŶĂůŐĞ-
sics (pരA䄍? ? ? ? ? ? ? ? ůŽǁĞƌ ůĞǀĞůƐ ŽĨ ƉŚǇƐŝĐĂů ĨƵŶĐƚŝŽŶŝŶŐ
(pര<ര ? ? ? ? ? ?ĂŶĚŵŽƌĞƐĞǀĞƌĞĂƉƉĞƚŝƚĞ ůŽƐƐ  ?pരA䄍  ? ? ? ? ? ?Ăƚ
ďĂƐĞůŝŶĞƌĞŵĂŝŶĞĚĂƐŝŶĚĞƉĞŶĚĞŶƚĞǆƉůĂŶĂƚŽƌǇĨĂĐƚŽƌƐĨŽƌ
reduced KPS AUC over time. Together these factors 
ĞǆƉůĂŝŶĞĚ  ? ? ? ?A?  ?R2 of final model) of the relationship, 
indicating that other variables are important.
Table 1.ഩĂƚĂĐŽůůĞĐƚĞĚĂƚĞĂĐŚĂƐƐĞƐƐŵĞŶƚǀŝƐŝƚ ?
Collected by healthcare providers Self-reported patient measures
x Patient location: inpatient, day care/outpatient, home
x Karnofsky Performance Status (KPS): 0%100%; 100 is 
perfect health and 0 is dead
x Analgesic use (yes/no), for non-opioid analgesics, 
opioids and co-analgesics
{ Co-analgesics were defined as drugs that are not 
designed to manage pain per se, but which has 
ĞĨĨĞĐƚƐƚŚĂƚĐĂŶŚĞůƉƌĞĚƵĐĞƚŚĞƉĂŝŶ ?ĨŽƌĞǆĂŵƉůĞ ?
antidepressants and anticonvulsants
{ Non-opioid analgesics included paracetamol and 
non-steroidal anti-inflammatory drugs.
x C-reactive protein (CRP)
The palliative care version of the European Organisation for Research 
ĂŶĚdƌĞĂƚŵĞŶƚŽĨĂŶĐĞƌYƵĂůŝƚǇŽĨ>ŝĨĞYƵĞƐƚŝŽŶŶĂŝƌĞ W ? ? ?KZd
Y>Y ? ? ? ?W> ? ?16/ƚĞŵƐĐŽƌĞĚĨƌŽŵ ? RŶŽƚĂƚĂůů ?ƚŽ ? RǀĞƌǇŵƵĐŚ ?ĂŶĚǁĂƐ
transformed to a 0100 scale
x Functional items: high score means a good function or quality of life
{ Physical functioning
{ Emotional functioning
{ Global quality of life
x Symptom items: high score indicates more severe symptoms
{ Fatigue
{ Nausea/vomiting
{ Pain
{ Dyspnoea
{ Sleep disturbances
{ Appetite loss
{ Constipation
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CRP subgroup analysis
In the subgroup analysis, the baseline characteristics of 
participants with CRP data (nരA䄍? ? ? ? ?ĂƌĞƐŚŽǁŶŝŶdĂďůĞ ? ?
These patients were slightly older and there was a higher 
proportion male, with metastatic/disseminated disease, 
inpatient and lower KPS, compared to the whole sample. 
Only CRP and physical function were associated with 
change in KPS: lower physical functioning (β (SE) =  ? ? ? ?
 ? ? ? ? ? ? ?pര<ര ? ? ? ? ? ? ĂŶĚ ZW  ?β (SE) = AL ? ? ? ?  ? ? ? ? ? ? ?
pരA䄍? ? ? ? ? ? ? ? KƉŝŽŝĚƐ  ?pരA䄍? ?  ? ? ? ? ? ĐŽ ?ĂŶĂůŐĞƐŝĐƐ  ?pരA䄍? ? ? ? ? ? ?
and severe appetite loss (pരA䄍? ? ? ? ? ? ?ǁĞƌĞŶŽƚƐŝŐŶŝĨŝĐĂŶƚ ?
The R2ǀĂůƵĞŽĨƚŚŝƐŵŽĚĞůǁĂƐ ? ? ? ?A? ?
Discussion
Summary of main findings
These data indicate that older age (β (SE) =AL ? ? ? ? ? ? ? ? ? ? ?
pരA䄍? ? ? ? ? ? ? ?ŽƉŝŽŝĚƐƵƐĞ ?β (SE) =AL ? ? ? ? ? ? ? ? ? ? ?pര<ര  ? ? ? ?
co-analgesics use (β (SE) =AL ? ? ? ? ? ? ? ? ? ? ?pരA䄍? ? ? ? ? ? ? ?ƉŽŽƌĞƌ
physical function, where a high score means a good physi-
cal function (β (SE) = 0.19 (0.03), pര<ര ? ? ? ? ? ? ?ĂŶĚĂƉƉĞ-
tite loss at baseline, where a high score indicates more 
severe symptoms (β (SE) =AL ? ? ? ? ? ? ? ? ? ? ?pരA䄍    ? ? ? ?ǁĞƌĞ
independent predictors of worse KPS over time in patients 
with advanced cancer. A CRP subgroup analysis showed 
Table 2.ഩĞƐĐƌŝƉƚŝǀĞĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐĂƚďĂƐĞůŝŶĞ ?
Total
DĞĂŶ ?^ ? ?ŵŝŶ WŵĂǆ ?n (%)
Patients with CRP at baseline
DĞĂŶ ?^ ? ?ŵŝŶ WŵĂǆ ?n (%)
Patients who died
DĞĂŶ ?^ ? ?ŵŝŶ WŵĂǆ ?n (%)
Age (years)  ? ? ? ? ? ? ? ? ? ? ? ? ? W ? ? 67.3 (12.1)  ? ? ? ? ? ? ? ? ? ? ? ? ? W ? ?
nരA䄍? ? ? ? ? nരA䄍? ? ? ? nരA䄍? ? ? ? ?
^Ğǆ Female  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Male  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Missing 2 0 0
Stage Metastatic/
disseminated
 ? ? ? ? ? ? ?A? ? 219 (91%)  ? ? ? ? ? ?A? ?
ഩ Local/locally 
advanced
 ? ? ? ? ? ?A? ? 21 (9%) 163 (16%)
ഩ Missing 18 0 2
Location of care Inpatient  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Day care 1026 (61%) 92 (38%)  ? ? ? ? ? ?A? ?
ഩ Home 300 (18%)  ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Missing  ? ? 7 28
Non-opioid 
analgesics
Yes  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ No  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Missing  ? ? 3  ? ?
Opioids Yes  ? ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ No  ? ? ? ? ? ?A? ?  ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Missing 33  ?  ? ?
Co-analgesics Yes  ? ? ? ? ? ?A? ?  ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ No 1279 (76%)  ? ? ? ? ? ?A? ?  ? ? ? ? ? ?A? ?
ഩ Missing  ? ?  ? 27
CRP  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ?
KPS  ? ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?63.9 (18.7), 20100, nരA䄍? ? ? ? 63.8 (16.2), 10100, nരA䄍? ? ? ? ?
KZdY>Y ? ? ? ?W>
പWŚǇƐŝĐĂůĨƵŶĐƚŝŽŶŝŶŐ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?
പŵŽƚŝŽŶĂůĨƵŶĐƚŝŽŶŝŶŐ 68.7 (23.9), 0100, nരA䄍? ? ? ? ? 70.3 (26.2), 0100, nരA䄍? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?ŶരA䄍? ? ? ? ?
പ'ůŽďĂůƋƵĂůŝƚǇŽĨůŝĨĞ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?
പ&ĂƚŝŐƵĞ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?
പEĂƵƐĞĂ ?ǀŽŵŝƚŝŶŐ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ? 21.3 (29.6), 0100, nരA䄍? ? ? ? 18.6 (28.0), 0100, nരA䄍? ? ? ? ?
പWĂŝŶ 38.3 (31.1), 0100, nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?
പǇƐƉŶŽĞĂ 23.3 (28.9), 0100, nരA䄍? ? ? ? ? 28.1 (31.0), 0100, nരA䄍? ? ? ? 26.7 (30.8), 0100, nരA䄍? ? ? ? ?
പ^ůĞĞƉĚŝƐƚƵƌďĂŶĐĞƐ 31.3 (28.9), 0100, nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ? 30.8 (32.3), 0100, nരA䄍? ? ? ? ?
പƉƉĞƚŝƚĞůŽƐƐ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ?
പŽŶƐƚŝƉĂƚŝŽŶ  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? W ? ? ? ?nരA䄍   ? ? 30.0 (33.3), 0100, nരA䄍? ? ? ? ?
^ PƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ ?ZW P ?ƌĞĂĐƚŝǀĞƉƌŽƚĞŝŶ ?<W^ P<ĂƌŶŽĨƐŬǇWĞƌĨŽƌŵĂŶĐĞ^ƚĂƚƵƐ ?KZdY>Y ? ? ? ?W> PdŚĞWĂůůŝĂƚŝǀĞĂƌǀĞƌƐŝŽŶŽĨƚŚĞƵƌŽ-
pean Organisation for Research and Treatment of Cancer Quality of Life Questionnaire.
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that this inflammatory marker was statistically significant 
ĂƚĞǆƉůĂŝŶŝŶŐǁŽƌƐĞƉĞƌĨŽƌŵĂŶĐĞ ?/ŶƚŚŝƐŵŽĚĞů ?ŽŶůǇZW
and physical function remained significantly associated 
with deteriorating KPS. In both models, two-thirds of the 
ǀĂƌŝĂďŝůŝƚǇ ǁĂƐ ƵŶĞǆƉůĂŝŶĞĚ ? <W^ ŝŶĐŽƌƉŽƌĂƚĞƐ Ă ŵƵĐŚ
broader construct than physical function alone, also con-
sisting of mental and behavioural approaches and social 
support.
The only statistically significant symptom remaining in 
the final model in the whole dataset was loss of appetite. 
This is consistent with the findings of the CRP sub-analy-
sis. In a Japanese secondary data analysis, increased CRP 
was associated with more physician-rated symptoms 
 ?ĨĂƚŝŐƵĞ ?ĂŶŽƌĞǆŝĂĂŶĚǁĞŝŐŚƚůŽƐƐĚǇƐƉŶŽĞĂ ?ĂŶĚƉŽŽƌĞƌ
activities of daily living were observed in advanced cancer 
patients receiving palliative care. ? ? Although this study 
primarily looked for associations with KPS, there are 
similarities in the findings, notably the association of CRP 
ǁŝƚŚ ĐĂŶĐĞƌ ?ĐĂĐŚĞǆŝĂ ƐǇŵƉƚŽŵƐ ĂŶĚ ĂďŝůŝƚǇ ƚŽ ƉĞƌĨŽƌŵ
everyday tasks. Inflammation could act as a uniting patho-
physiological process for analgesics, poorer physical func-
tion and loss of appetite. Inflammatory cancers are more 
painful.18,19 Inflammatory cytokines mediate cancer 
ĐĂĐŚĞǆŝĂǁŝƚŚĂĐĐŽŵƉĂŶǇŝŶŐĂŶŽƌĞǆŝĂĂŶĚůŽƐƐŽĨƐŬĞůĞƚĂů
muscle mass with reduction in physical function and 
worse prognosis.20,21 Inflammation leading to fatigue 
ĚĞĐƌĞĂƐĞƐĞǆĞƌĐŝƐĞĐĂƉĂĐŝƚǇĂŶĚŵŽǀĞŵĞŶƚ ?ĞǆĂĐĞƌďĂƚŝŶŐ
skeletal muscle loss.22 There is a need to detect cancer-
ƌĞůĂƚĞĚĐĂĐŚĞǆŝĂĞĂƌůǇ ?ĂŶĚŚĂǀĞĂŵƵůƚŝŵŽĚĂůĂƉƉƌŽĂĐŚ ?
to maintain function for as long as possible.23
Implications for practice
dŚŝƐƐƚƵĚǇǁĂƐĂŶĞǆƉůŽƌĂƚŽƌǇĂŶĂůǇƐŝƐƚŽŝŶĚŝĐĂƚĞƉĂƚŝĞŶƚƐ
at risk of deterioration in performance status, and targets 
for intervention to ameliorate this decline. These data 
suggest that attention to the inflammatory state with 
ĂĐĐŽŵƉĂŶǇŝŶŐĂŶŽƌĞǆŝĂĐĂĐŚĞǆŝĂ ?ŝŶĐůƵĚŝŶŐƌĞŐƵůĂƌǁĞŝŐŚƚ
measurement and appetite assessment and nutritional 
ƐƚĂƚƵƐ ?ŝƐŝŵƉŽƌƚĂŶƚŝŶƚŚŝƐĐŽŶƚĞǆƚ ?
Limitations
This was a large European prospective cohort study; as it 
was an observational study, only associations (not causa-
tion) can be determined. Although consecutive patients 
were recruited, those with cognitive impairment were 
ĞǆĐůƵĚĞĚ ? ^ŽŵĞ ŽĨ ƚŚĞ ƐƚĂƚŝƐƚŝĐĂů ĂƐƐŽĐŝĂƚŝŽŶƐ ŚĂĚ ƐŵĂůů
effect sizes and are unlikely to be clinically relevant, as 
reported in a previous study.8 Pro-inflammatory cytokines, 
acute infections and acute medical conditions influence 
CRP levels. The associations found in the subgroup analy-
ƐŝƐŶĞĞĚƚŽďĞĞǆĂŵŝŶĞĚŝŶĂůĂƌŐĞƌŐƌŽƵƉ ?
Table 3.ഩ<ĂƌŶŽĨƐŬǇWĞƌĨŽƌŵĂŶĐĞ^ƚĂƚƵƐĂƌĞĂƵŶĚĞƌƚŚĞĐƵƌǀĞƉĞƌĚĂǇďǇďĂƐĞůŝŶĞĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ?
Baseline characteristics Mean (SD) N p-Value
^Ğǆ Female  ? ? ? ? ? ? ? ? ? ?  ? ? ?  ? ? ? ? ?
Male  ? ? ? ? ? ? ? ? ? ?  ? ? ?
Stage Local/locally advanced 38.9 (13.1) 163 0.036
Metastatic/disseminated  ? ? ? ? ? ? ? ? ? ? 887
Location of care Inpatient  ? ? ? ? ? ? ? ? ? ?  ? ? ? <0.001
Day care  ? ? ? ? ? ? ? ? ? ?  ? ? ?
Home  ? ? ? ? ? ? ? ? ? ?  ? ? ?
Non-opioid analgesics Yes  ? ? ? ? ? ? ? ? ? ?  ? ? ? 0.045
No  ? ? ? ? ? ? ? ? ? ?  ? ? ?
Opioids Yes  ? ? ? ? ? ? ? ? ? ? 677 <0.001
No  ? ? ? ? ? ? ? ? ? ? 361
Co-analgesics Yes 39.1 (12.9)  ? ? ? 0.004
No  ? ? ? ? ? ? ? ? ? ? 768
SD: standard deviation.
The total number of participants included for each characteristic is variable due to missing data.
p-Values that reached statistical significance are in bold.
Table 4.ഩŽƌƌĞůĂƚŝŽŶƐďĞƚǁĞĞŶKZdY>Y ? ? ? ?W>ŝƚĞŵƐĂŶĚ
Karnofsky Performance Status area under the curve per day.
KZdY>Y ? ? ? ?W> Correlation N p-Value
Physical functioning  ? ? ? ? ? 1021 <0.001
Emotional functioning 0.216 1019 <0.001
Global quality of life  ? ? ? ? ? 1009 <0.001
Fatigue AL ? ? ? ? ? 1022 <0.001
Nausea/vomiting AL ? ? ? ? ? 1021 0.326
Pain AL ? ? ? ? ? 1022 <0.001
Dyspnoea AL ? ? ? ? ? 1018 <0.001
Sleep disturbances AL ? ? ? ? ? 1019 0.015
Appetite loss AL ? ? ? ? ? 1021 <0.001
Constipation AL ? ? ? ? ? 1012 <0.001
KZdY>Y ? ? ? ?W> PdŚĞWĂůůŝĂƚŝǀĞĂƌĞǀĞƌƐŝŽŶŽĨƚŚĞƵƌŽƉĞĂŶ
Organisation for Research and Treatment of Cancer Quality of Life 
Questionnaire.
p-Values that reached significance are in bold.
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Conclusion
This secondary data analysis of the European Palliative Care 
Cancer Symptom study data set of adults with advanced, 
incurable cancer showed an association of lower average 
daily KPS with opioids, co-analgesics, lower levels of physi-
cal functioning at baseline and appetite loss. A CRP sub-
analysis indicated that systemic inflammation has a role in 
performance status and may be a useful therapeutic target 
to help patients maintain function. Interventions targeting 
physical function, appetite and inflammation, such as those 
ƵƐĞĚĨŽƌĐĂĐŚĞǆŝĂŵĂŶĂŐĞŵĞŶƚ ?ŵĂǇŚĞůƉŵĂŝŶƚĂŝŶ<W^ŝŶ
people with advanced cancer. Further research assessing 
this association and the impact of managing systemic 
inflammation on clinical outcomes is needed.
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Univariable Multivariable
ഩ E (SE) p-Value E (SE) p-Value
Age 0.17 (0.03) <0.001 0.09 (0.32) 0.004
Sex (female) 0.69 (0.87)  ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? 0.393
Stage (local/locally advanced)  W ? ? ? ? ? ? ? ? ? 0.036  W ? ? ? ? ? ? ? ? ? ? 0.260
Location of care
പ/ŶƉĂƚŝĞŶƚ  W ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? 1.02 (1.23)  ? ? ? ? ?
പĂǇĐĂƌĞ 10.07 (1.16) <0.001  ? ? ? ? ? ? ? ? ? ? <0.001
പ,ŽŵĞ Reference Reference ഩ
Non-opioid (yes) 0.19 (0.88) 0.832 1.03 (0.76) 0.180
Opioid (yes)  W ? ? ? ? ? ? ? ? ? ? <0.001 3.63 (0.89) <0.001
Co-analgesic (yes) 2.89 (1.01)  ? ? ? ? ?  W ? ? ? ? ? ? ? ? ? ? 0.023
EORTC QLQ-C15-PAL ഩ
പWŚǇƐŝĐĂůĨƵŶĐƚŝŽŶŝŶŐ  ? ? ? ? ? ? ? ? ? ? <0.001 0.19 (0.03) <0.001
പ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പ&ĂƚŝŐƵĞ  W ? ? ? ? ? ? ? ? ? ? <0.001 0.01 (0.02)  ? ? ? ? ?
പEĂƵƐĞĂ ?ǀŽŵŝƚŝŶŐ 0.02 (0.02) 0.326 ഩ
പWĂŝŶ 0.10 (0.01) <0.001 0.01 (0.02)  ? ? ? ? ?
പǇƐƉŶŽĞĂ 0.07 (0.01) <0.001 0.01 (0.01) 0.870
പ^ůĞĞƉĚŝƐƚƵƌďĂŶĐĞƐ 0.03 (0.01)  ? ? ? ? ? 0.02 (0.01) 0.170
പƉƉĞƚŝƚĞůŽƐƐ 0.10 (0.01) <0.001 0.03 (0.01) 0.009
പŽŶƐƚŝƉĂƚŝŽŶ 0.07 (0.01) <0.001 0.01 (0.01)  ? ? ? ? ?
^ PƐƚĂŶĚĂƌĚĞƌƌŽƌ ?KZdY>Y ? ? ? ?W> PdŚĞWĂůůŝĂƚŝǀĞĂƌĞǀĞƌƐŝŽŶŽĨƚŚĞƵƌŽƉĞĂŶKƌŐĂŶŝƐĂƚŝŽŶĨŽƌZĞƐĞĂƌĐŚĂŶĚdƌĞĂƚŵĞŶƚŽĨĂŶĐĞƌYƵĂůŝƚǇŽĨ
Life Questionnaire.
p-Values that reached statistical significance in the multivariable analysis are in bold.
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